In this paper, we analyze the Hawking radiation of a κ-deformed Schwarzschild black hole and obtain the deformed Hawking temperature. For this, we first derive deformed metric for the κ-spacetime, which in the generic case, is not a symmetric tensor and also has a momentum dependence. We show that the Schwarzschild metric obtained in the κ-deformed spacetime has a dependence on energy. We use the fact that the deformed metric is conformally flat in the 1+1 dimensions, to solve the κ-deformed Klein-Gordon equation in the background of the Schwarzschild metric. The method of Boguliobov coefficients is then used to calculate the thermal spectrum of κ-deformed-Schwarzschild black hole and show that the Hawking temperature is modified by the non-commutativity of the κ-spacetime. * harisp@uohyd.ernet.in †
I. INTRODUCTION
A proper understanding of spacetime is indispensable for formulating a quantum theory of gravity. There are convincing arguments that usual notion of spacetime breaks down as we move up in energy scale [1] [2] [3] [4] [5] . In fact, many interesting ideas about the possible structure of spacetime at the Planck regime have been brought up by several authors (see [6] [7] [8] [9] [10] and referenes therein). One of the possible candidates to study the spacetime structure at the Planck scale is the non-commutative spacetime approach. In addition, the need for modifying special theory of relativity to incorporate an absolute length scale leads to a deformed relativity principle which also leads to a non-commutative spacetime and the corresponding spacetime called κ-deformed spacetime is studied in [11, 12] .
One of the best place to investigate the effect of deformation of spacetime would be near a black hole. In the vicinity of a black hole, gravity is so strong that any deformation of the spacetime structure is expected to be tractable. Now, for an inertial observer who is at a finite distance from the event horizon, the black hole appears to radiate particle with a thermal spectrum. The presence of this thermal radiation (known as Hawking radiation) from black hole is a key signature of it's quantum nature [13] . The thermal radiation of black hole is such that the temperature of thermal spectrum would be inversely proportional to the mass of the black hole. Now, as the black hole radiates it looses energy and its mass reduces. As it looses mass, its temperature rises and this process continues. This led to the information loss problem and poses one of the major crisis in the understanding of theoretical physics [14] . In order to precisely understand the situation we need to take into account of the full quantum gravity effects. In other words, Hawking radiation reveals the thermodynamic behaviour of spacetime (see [14] and references therein). By studying the thermal distribution of the black hole we could look for any possible deviation of spacetime structure from the expected ones.
Since non-commutativity is speculated by various theories (see [15, 16] and references therein) as a plausible nature of spacetime at the Planck scale, it would be interesting to investigate the characteristics of a black hole in non-commutative spacetimes. Black holes and its thermodynamic behaviour is investigated in Moyal space and it is argued that a possible resolution for black hole information paradox can be achieved within the noncommutative framework. In fact, it is claimed that the curvature singularity vanishes in non-commutative spacetime and black hole emits radiation till it becomes a zero temperature extremal black hole [17] . Noncommutativity is viewed as smearing of spacetime points and non-commutative geometry near black holes is studied using smeared sources rather than point like sources [18, 19] . A detailed analysis of non-commutative black hole in Moyal space has been given in [20] . Different aspects of black hole in κ-spacetime have been studied in [21, 22] . A phenomenon of very close relationship to Hawking radiation is Unruh effect. [23] [24] [25] [26] .
Basically, Unruh effect states that, an accelerating observer measures a thermal radiation in an inertial vacuum.
For some of the recent studies of Unruh effect in non-commutative spacetime, see [27] [28] [29] [30] .
In standard calculations of Hawking radiation, dynamics of background geometry is not taken into account.
An alternative approach to calculate Hawking radiation is presented in [31] by viewing background as dynam-ical and explaining the process of Hawking radiation in terms of quantum tunnelling. The method presented in [31] leads to a correction to the spectrum of black hole radiation and leads to a non-thermal spectrum. Extension of tunnelling approach to study the Hawking radiation in non-commutative spacetime leads to a corrected spectrum for Hawking radiation and hopes to cure the information problem [32] . By considering a Lorentz violating dispersion relation which results in a momentum dependent metric, it was shown that the black hole evaporation ends at a non-zero critical mass [33] . Energy dependent metric has appered in the context of deformed special relativity also [34] .
Considering different approaches in non-commutative black holes, most of the studies were carried out in Moyal spacetime ( [17] [18] [19] [20] 32] and references therein). In this paper, we analyze the Hawking radiation in a specific non-commutative spacetime called κ-spacetime. We use a mapping connecting the non-commutative coordinates to commutative coordinates and momenta. Exploiting this map, the problem of Hawking radiation in κ-spacetime is mapped to an equivalent problem in the commutative spacetime. This mapping between noncommutative coordinates and coordinates of commutative phase space is derived by demanding the consistency of the algebra of non-commuting variables. This mapping is used to obtain a commutative models equivalent to the given κ-deformed model [35, 36] . This approach was used to analyze Kepler system in κ-deformed spacetime and it was found that the deformed problem retains all the symmetries as the commutative Kepler problem [37] [38] [39] . Using this approach, change in the dimension of κ-spacetime with probe scale was analyzed in [40] [41] [42] .
In this paper, κ-deformed black hole is chosen as a platform to investigate the features arising from the kappa non-commutativity. We adopt a generic method to write a metric element in the κ-deformed spacetime. The method is then used to investigate the deformation of the metric of the κ-deformed Schwarzschild black hole spacetime. We then use a specific realization of κ-spacetime variables to study the effects of κ-deformation on the Hawking temperature. Now, we would like to highlight three key features of our result. First feature is that we have obtained Hawking effect using the idea that the particles in κ-spacetime obeys a twisted statistics.
It was shown in [43, 44] that the scalar field in the κ-spacetime do not satisfy φ(x)φ(y) = φ(y)φ(y). This leads to modification of the commutation relations between creation and annihilation operators corresponding to the quantized scalar field in the κ-spacetime. We have used this information to obtain Hawking temperature in this paper. We used the conformal flatness of the κ-deformed Schwarzschild metric in 1+1 dimensions, to expand the scalar field in terms of its Fourier modes in two different coordinates bases, namely Kruskal-Szekeres coordinates and tortoise coordinates. The method of Boguliobov transformation is then used to relate the creation and annihilation operators corresponding to the two coordinates. We then calculate the Boguliobov coefficients to obtain the expression for thermal radiation from the κ-deformed-Schwarzschild black hole. Second point is that, we apply the procedure of Euclidean time formulation of the metric (see chapter 15 of [45] ) to get the Hawking temperature in κ-deformed spacetime as elaborated in the appendix B. Given that, we had restricted ourselves to 1+1 dimensions in our derivation of Hawking radiation, the second method is to emphasize that the result obtained by us is independent of the dimension of spacetime under consideration. Third important characteristic is that, we find that the surface gravity of κ-deformed-Schwarzschild black hole is modified by an exponential function of deformation parameter a. Hence, the Hawking temperature is also modified by the presence of an exponential factor which depends on the deformation parameter a. We have shown that the κ-deformed metric do get energy and momentum dependent modifications in the κ-deformed spacetime. Further, all the results obtained fall back to familiar commutative results, when we let the deformation of spacetime to vanish.
It is to be noted that there are different approaches in studying various aspects of gravity in the noncommutative framework. Deriving a non-commutative version of Einstein equation valid in non-commutative spacetime and analyzing thus obtained non-commutative Einstein equation is one approach.Another possibility is to start with a non-commutative counterpart of the commutative model of the system under consideration.
Such non-commutative counter-parts of commutative systems are constructed primarily by imposing the restriction that in the limit of non-commutative parameter vanishing, we get back the well known commutative model. Non-commutative models constructed in this approach serve as a testing ground to study the possible effects of non-commutativity in the problem addressed. It is to cautioned that these non-commutative models may not be solution to the yet, unknown κ-deformed Einstein equation. Thus, aim here is only to take a first step towards the study of modification of black hole physics in the κ-deformed spacetime. But this in itself is important as this provides insights in to the κ-deformation and its implications in black hole physics. Since, the current understanding of a κ-deformed Einstein's equation is incomplete, we choose the latter approach in this paper.
There are two possible approaches for constructing and studying models in κ-deformed spacetime. Performing calculation using the functions of non-commutative coordinates is an option, while another is to work in terms of non-commutative functions expressed in terms of commutative variables. This second approach uses a mapping of non-commutative coordinates in terms of commutative coordinates, their derivatives and the non-commutative parameter. It is known that for κ-deformed spacetime, many different realisations of the non-commutative coordinates exist. It is also known that the choice of realisations is equivalent to the choice of ordering of non-commutative coordinates in defining functions in non-commutative spacetime and also related to the choice of star-product. Since there exist many realizations of κ-spacetime(see [46] for more details), we have chosen a specific realization in this paper.
Organization of this paper is as follows. In section 2, we start with a particular choice of realization of non-commutative variables which map variables in κ-spacetime to variables in the commutative spacetime.
This enables us to perform our computations using familiar commutative methods. We then utilize the general commutation relations for non-commutative coordinates to derive the deformation of the metric. We obtain the deformed metric for the κ-spacetime and find the corrections to the metric elements due to κ-deformation of spacetime. We show that the deformed metric depends on the energy and momentum, and when the deformation parameter is set to zero (i.e., a → 0), all the additional contributions to the metric vanish. In the third section, we deal with the κ-deformed-Schwarzschild metric. The deformed metric obtained after mapping to the commutative variables has the usual spherically symmetric form. We investigate the temperature of the Hawking radiation for this metric using two different approaches. In the first case, we expand a massless scalar field in the background of the deformed metric in 1+1 dimensions. Here, it is to be emphasized that the conformal flatness of the deformed metric is exploited, so that all our calculations will be simplified to that of a flat metric. We now expand the Fourier modes of the field, with respect to two different choice of basis. The expectation value of number operator in one basis is then calculated in terms of vacuum state of other basis and the thermal distribution behaviour of the vacuum state is established. In the remaining section, we present a different route to this result. We use the path integral formulation with imaginary time method to identify the temperature with the surface gravity. Finally, in the last section, the effect of deformation factor is studied for various energy scales and an order of magnitude analysis is done for the deformation parameter, a. Our concluding remarks are also given here. In appendix A, we give details for deriving the realization of variablê y, used in our calculations, in terms of commuting variables. The variableŷ is introduced such that it commutes with the non-commuting coordinatex (see [36, 47] ). Finally, in appendix B, we give a brief treatment of Hawking temperature in the Euclideanised metric. We first identify the point of singularity in the metric and then the line element is expressed around the point of singularity. The expression obtained after applying imaginary time formalism is compared with spherically symmetric deformed metric in the Euclidean space. The condition to avoid coordinate singularity is utilized to obtain the expression for inverse temperature.
II. DEFORMATION OF METRIC IN κ-DEFORMED SPACETIME
In this section, we present a method to obtain the deformed metric in the κ-deformed spacetime. We demand that the variables in κ-deformed phase space obey the commutation relation
and we identify the R.H.S. as the metric of the deformed spacetime. Then, we introduce an auxiliary variablê y µ such that it commutes withx µ and in addition satisfies all the other properties asx µ . We then proceed to obtain the components of the deformed metric.
We choose a specific realization of κ-spacetime given by (for details see [35, 36, 48] )
where g µν (ŷ) possess the same functional form as the corresponding metric in the commutative space and k β is the momentum defined in the commutative spacetime, (for details see section 3.2 of [36] ). The metric g µν (ŷ) is obtained by replacing the coordinates in the corresponding metric of commutative spacetime with the coordinates ofŷ µ . Thisŷ µ coordinates satisfying eqn. (5)- (7) are introduced to simplify the calculations (see [47] for details).
The coordinates of the κ-deformed spacetime satisfy the commutation relations,
where a is the deformation parameter. By demanding eqn. (2) satisfy eqn. (3), we obtain
Note here that the realization ϕ µ ν have no explicit p dependence unlike the realization used in [47] .
Theŷ µ appearing in eqn. (2) satisfy
and the condition
is used as a defining equation (see [47] ). We demand thatŷ µ can be expressed in terms of commutative coordinates and momenta asŷ
Using eqn. (7) in (6), a straightforward computation yields us (see appendix)
Once we have the expression ofŷ µ , we are all set to find the deformation of metric in κ-spacetime. The metric can be derived from the expression [36] ,
where we have used eqn.(2). Theĝ µν so obtained, will give us the deformed metric. The deformed metric g µν (ŷ)
is obtained by replacing commuting coordinates with κ-deformed coordinates in the metric of commutative spacetime and thus g αβ (ŷ) = g βα (ŷ).
Using the realizations given in eqns. (2) and (4), we calculate the R.H.S of eqn. (10) for each index combinations. Thus, we get
We now define the line element in κ-spacetime using the deformed metric as
whereĝ µν is deformed metric expressed in terms of commutative variables. The components of this deformed metric can be read-off from the eqns. (11)- (15) and are given bŷ
Note thatĝ µν depends on the deformed four momenta through its dependence on g µν (ŷ). A similar feature of the metric, with a dependence on energy and magnitude of spatial momentum vector, was seen in the context of study of evaporation of black hole [33] . It has been argued that such dependence in metric is natural consequence of presence of minimal length [49] . An interesting feature of the metric in eqns. (16)- (19), is that it has an explicit dependence on k 0 through the exponential terms appearing in the above equation and we will see later that this feature is significant for our result. In the limit k 0 → ∞ (keeping a 0), we will only have time-like line elements as all of the metric elements exceptĝ 00 vanishes. For the case, a 0, k 0 → 0, the deformation of metric arise only through the realization ofŷ µ . When we let k 0 → ∞, a → 0 (such that ak 0 =constant), we see that g 00 (ŷ) will reduce to the usual commutative metric and the deformation arise solely from terms with explicit k 0 dependence. It is interesting also to see that we recover the commutative metric in the limit a → 0, independent of the value of k 0 . A quick inspection of the metric elements reveal that the resulting non-commutative metric is asymmetric (see eqn. (17)- (19)). This asymmetry is clearly a result of noncommutativity and as we let the deformation parameter to zero, we obtain a metric which is symmetric under the exchange of indices, as expected in the commutative spacetime. Furthermore, the metric element g µν (ŷ)
has the same functional form of the metric element of the corresponding commutative spacetime but now expressed in terms of non-commutative variable. With our choice of realization (see eqns. (8), (9)), we find that there are two kinds deformations for the metric elements. First kind of deformation arise from the exponential factor arising in eqns. (16) - (19) . The second kind of deformation arise from the realization ofŷ µ in terms of commuting variables. For our present realization, the second kind of deformation change only those metric elements that have explicit time dependence (see eqn. (8)).
The explicit form of line element is thus
We immediately recognise that the metric in κ-deformed spacetime is an asymmetric metric, with asymmetry arising from the cross term in space and time indices. We have to keep in mind that the factors, g µν (ŷ i ) has same form as the metric elements in usual commutative spacetime but now expressed in terms of coordinateŷ i . In our case, the choice of realization leads toŷ i = x i and this is to be contrasted with the situation studied in [47] , where the realization ofŷ i has a dependence on deformation parameter.
III. SCHWARZSCHILD METRIC IN κ-SPACETIME AND DEFORMED HAWKING TEMPERATURE
In this section, we derive Schwarzschild metric in κ-spacetime and using this we obtain modified Hawking temperature. We use the metric components obtained in the last section to write down the line element in κ-spacetime. We first start with the Scwarzschild metric in the Minkowski spacetime,
It should be cautioned that above metric components is written in polar coordinates whereas the metric components we obtained in (16)- (19) are in Cartesian coordinates. Eqn. (9) tells us that, g µν (ŷ i ) = g µν (x i ). In other words, metric components, g µν (ŷ i ), which depend only the non-commutative spatial coordinatesŷ i , is the same as the metric element in commutative spacetime. Thus the metric that is of relevance for us would be of the form,
Note that we have assumed c = 1 in the above equation. In order to write the κ-deformed-Schwarzschildmetric, first we have to transform the metric from Cartesian to polar coordinates. So the resulting metric in polar coordinates will be
Since, g µν (ŷ) is obtained by replacing the commutative coordinates of corresponding coordinates withŷ i , we write down the deformed Schwarzschild metric as
A change of coordinate given by
in the above equation will lead us to the κ-deformed Schwarzschild metric, identical in form as in the commutative spacetime, i.e.,
where we have defined,
The above expression for the Schwarzschild radius has a modification arising from the κ-deformation of spacetime. Because of this a-dependent factor, we have an exponential dependence on k 0 and thus, the effect of deformation on r s will be more prominent at smaller values of k 0 's. We get the familiar expression for r s , in the limit a → 0. Note that the deformation of the θ, φ dependent part of the deformed metric in eqn. (26) is only through the overall multiplicative factorr 2 , showing that the deformed metric is spherically symmetric as in the commutative spacetime.
We will now, for convenience, restrict to 1+1 dimensional spacetime. It has to be emphasized that all the necessary physical information, for our purpose, is retained in the two-dimensional case. An immediate advantage of working in 1+1 dimensions, is that, we could use the fact that 1+1 dimensional deformed Schwarzschild metric obtained is conformally flat, which simplifies our calculation. By conformally flat, we mean a metric which can be written in the form
where Θ is the conformal factor and u, v denote the light-cone coordinates.
Before proceeding further we will now briefly outline two coordinate systems that will be of use. We write down the κ-deformed Schwarzschild metric in 1+1 dimension as
Note that the effect of κ-deformation is appearing throughr and r s (see eqns. (25) and (27) ). The corresponding surface gravity (surface gravity is the effective strength of gravitation at the surface of a gravitating body, see [50] for details) is given by,
Next, we generalize the tortoise coordinates r * (r)
Notice that the r s appearing in the above equation is the κ-deformed Schwarzschild radius given in eqn. (27) andr is the deformed radial coordinate given in eqn. (25) . Changing into the κ-deformed tortoise light cone coordinates,
the κ-deformed metric in eq. (29) can be re-expressed as
The above coordinate system (eqn. (31)) is singular at r = r s . We can remove this coordinate singularity by a change of variables and analytically continuing the coordinate system to cover whole of spacetime, i.e., by using variables
which are the κ-deformed light cone Kruskal-Szekers coordinates. Note that the effect of deformation enter through a-dependence of r s , U and V.
In this κ-deformed light cone Kruskal-Szekers coordinates, the metric takes the shape
Note that r s appearing here is the Schwarzschild radius given in eqn. (27) . In the limit a → 0, we recover the commutative metric.
We now briefly sketch the derivation of Hawking radiation in commutative space-time. It is a known fact that vacuum is not uniquely specified in a curved spacetime. Our choice of coordinates dictate the behaviour of vacuum. In order to study the Hawking radiation, the scalar field under consideration is expanded in two different basis, namely in the Kruskal-Szekers coordinates and tortoise coordinates. Boguliobov transformation is then used to connect the creation (annihilation) operators in the two basis. Using the normalisation condition for the Boguliobov transformation, one calculates the average number density of particles in the Kruskal vacuum. The number density obtained has the form of thermal distribution of particles and this identification is then used to obtain the corresponding formula for the temperature of the Hawking radiation. Coming back to the κ-deformed case, we follow the same algorithm, except that the creation (annihilation) operators obey a different algebra owing to deformation of the spacetime. This, in addition to the fact we have a modified expression for surface gravity gives us the modified Hawking temperature in κ-deformed spacetime.
The action of scalar theory in 2 dimensional κ-deformed spacetime can be formally written as
WhereD is the covariant derivative of the deformed spacetime under consideration.
Since the metric in eqn. (35) has the form of conformally flat metric given in eqn. (28), we could replaceĝ µν with the flat metric η µν and hence the action becomes
Euler-Lagrange equation following from the above equation, gives us the massless Klein-Gordon equation,
In the above equation, we have introduced a generalised derivative called Dirac derivative, denoted D µ , which transform like a vector under undeformed Poincare transformation [35] . The explicit form of the Dirac derivative is given by
where A = −i∂ 0 . The Casimir of the Poincare algebra has the form
with the operator given by
With identification P µ = iD µ , the deformed dispersion relation is given by
where p 0 and p i are energy and momentum in the commutative spacetime.
Thus the generalised Klein-Gordon equation in κ-spacetime is
We can decompose the field φ satisfying Klein-Gordon equation into positive and negative frequency solution, in the Kruskal-Szekeres coordinates as
Here p 0 := ω p is obtained from (42) 
The suffix K in |0 K > is to denote that the vacuum is associated with the Kruskal-Szekeres coordinate. It is known that if we interchange two κ-deformed bosonic fields, we end up with an additional factor as compared with the commutative case [43, 44] . This would lead to a deformed commutation relation between annihilation (creation) operators. For two bosonic fields, interchange of fields in the products results in
where A x = −ia∂ x 0 , N x = x i ∂ x i (see [43] for details). This leads to the deformed commutation relation
It is to be noted the combination ∂= q∂ q + 1. (The factor 1(= ∂q ∂q ) appear because we are working in a spacetime with one spatial coordinate. Contrast this with the factor 3 appearing in eqn.(87-90) in [44] ). The expressions given by eqns. (47) 
Consider now a mode expansion of field Φ(x) satisfying eqn. (43) in tortoise coordinates. We obtain
where p ′ 0 = Ω p = κ s ω p , with the dependence on the deformation parameter, a coming from the the surface gravity term κ s (see eqn. (30)) and from the expression for p 0 = ω p given by eqn. (42) . Note that Ω p is the energy in the deformed Kruskal-Szekers coordinate system and ω p is the energy in the deformed tortoise coordinates given in eqn. (42) (47) to (50), respectively. This will allow us to define modified o-product for B and B † , which will have exactly the same form as in eqn. (51) . We can also define the vacuum state corresponding to the tortoise coordinates, called Boulware vacuum, as
Now, B(p ′ 0 , p) can be expressed in terms of A and A † in the form
where α, β are known as Boguliobov coefficients. Further, the inverse Boguliobov transformation is given by
Now demanding that A (B) obey the eqns. ( (47)- (49)), we will derive the relations satisfied by the coefficients, α and β. We start with the eqn. (48), and proceed to understand the properties of Boguliobov coeffecient.
Using eqn. (54), L.H.S. of eqn. (48) will take the form
which is written as
With the help of eqns. (47)- (49), we get from eqn.(57)
Using eqn. (55) in (52), we obtain an expression for Φ(x) in terms of A(p 0 , p) and Boguliobov coefficients.
But this expression should be equal to eqn. (44) . Equating the two expressions and carrying out straightforward algebra, gives us
Using the "o-product" defined for B, similar to the one defined in eqn. (51), expression for the number operator in the tortoise coordinates takes the form
Here, the subscript T is to emphasis that the number operator is associated with the tortoise coordinates. From
Eqn. (55), we find the expectation value of this number operator in Kruskal vacuum to be
This immediately gives us
The condition (59), for the case Ω p = Ω q and p = q, and p 0 = q 0 , will be simplified to
Taking into account of eqn. (61), we obtain from eqn.(65),
Thus, average particle density in the Kruskal vacuum is
The expression can be easily identified with Bose-Einstein distribution having temperature
We have thus obtained a thermal distribution for a κ-deformed-Schwarzschild black hole. We thus see that a black hole in κ-deformed spacetime could radiate with effective temperature which depends inversely on its mass as in the commutative case. Notice that we have a k 0 dependence on our metric. Demanding that the k 0 satisfies the dispersion relation k 0 2 = k 2 + m 2 , we can interpret k 0 as the energy scale. The significance of our result is that the Hawking temperature now has a dependence on the energy scale. Since k 0 is the energy scale appearing in the metric and therefore, it must be the energy scale at which the black hole is formed. Note that eqn.(68) suggest that a black hole formed at a higher energy scale will a have a higher T H than another black hole formed at a lower energy scale. Also note that the Hawking temperature will be higher than that in commutative case (for a > 0). In the limit a → 0, this k 0 dependence vanishes and we recover the usual result as expected. For a > 0, we see that T H increases whereas for a < 0, it decreases (we have taken k 0 > 0).
Employing the formula,
(Validity of this expression in non-commutative spacetime is explained in appendix B.) Now, we infer that the Hawking temperature corresponding to the metric given in eqn. (29) to be
with deformed surface gravity κ s = 1/2r s . This equation matches exactly with the expression (eqn. (68)). This confirms that the result obtained is valid even for the case of 3+1 dimensions, even though our calculations leading to eqn. (68) is carried out in 1+1 dimensions.
IV. DISCUSSIONS AND CONCLUSION
Study of structure of spacetime is attracting interest these days as it can shed light into an understanding of quantum theory of gravity. In the present paper, we have used the framework of κ-deformed spacetime to study the spacetime around a κ-deformed-Schwarzschild black hole. It is well known that black hole has a temperature and it radiates thermally, when we take into account the quantum aspects of black holes. In the present paper, we have studied the radiation of κ-deformed-Schwarzschild black hole. A more formal approach to understand the κ-deformed would be to derive the non-commutative Einstein equation and use the solution to this κ-deformed Einstein equation and analyze the κ-deformed black hole. However, in this paper we have used a minimalistic approach to deal with κ-deformed-Schwarzschild. We have considered a non-commutative generalisation of Schwarzschild black hole by demanding that we retain the commutative Schwarzschild solution as we let the κ-deformation parameter to vanish. For this, we started with a realization of κ-spacetime variables in terms of commutative variables. This realization was then used to construct a deformed metric using commutation relations of the phase space coordinate associated with the κ-spacetime. The main features of our metric are: (i) the κ-deformed metric has additional terms depending on the deformation parameter a. The presence of these factors reveal the extend of deformation of the spacetime, (ii) the κ-deformed metric is not symmetric under the interchange of its indices, (iii) the resulting metric has a k 0 dependence, which can be interpreted as dependence on the energy scale of the spacetime. It should be emphasized that all these features of the metric due to the κ-deformation vanish when the deformation parameter is set to zero. Next, we have used these results to set up a κ-deformed-Schwarzschild metric and thermal radiation of the deformed Schwarzschild black hole is calculated. This is done by studying κ-deformed massless scalar field in the background of κ-deformed spacetime with Schwarzschild metric. We have shown that the 1+1 dimensional κ-deformed Schwarzschild metric is conformally flat. This allows us to set up the scalar field theory in the Schwarzschild background by replacing the κ-deformed Schwarzschild metric with the scalar theory in the κ-deformed Minkowski spacetime.
We then Fourier expanded the Klein-Gordon field, both in the κ-deformed Kruskal-Szekers coordinates and κ-deformed tortoise coordinates. Using the fact that the creation (annihilation) operators in both coordinates are related by a Boguliobov transformation, we derived relations between creation (annihilation) operators of Kruskal-Szekers coordinates and tortoise coordinates. Bogiliobov coefficients are then obtained and this result is used to calculate the particle number density by evaluating the expectation value of the number operator in κ-deformed tortoise coordinates on κ-deformed Kruskal vacuum. Particle number so calculated led us to an expression for modified thermal radiation. This result is used to identify the Hawking temperature of deformed Schwarzschild black hole.
Using the modified Hawking temperature, we calculate the entropy of deformed Schwarzschild black hole (see for eg. [50] ),
From now onwards, we set the value of Boltzmann constant to one. For the case of Schwarzschild black hole, the area of horizon is given by
and thus the expression in eqn. (71) for the entropy takes the form
Note that the entropy has a dependence on energy scale k 0 as well as on deformation parameter. We thus have a correction to entropy resulting from the deformation of the spacetime. Note that in the limit a → 0, we recover
Hawking-Bekenstein formula
From eqn. (73), we note that S increases as k 0 increases, for fixed values of non-commutative parameter a. An analysis of the specific heat is also helpful in understanding the thermodynamical nature of black hole. The specific heat (in natural units) is given by
We see that system is thermodynamically unstable, as in the commutative case, since the temperature rises as the mass decreases. The presence of the exponential factor e −2ak 0 means that κ-deformed specific heat will be more negative at higher energy levels (for a > 0), compared with that of the commutative spacetime. We also see that the expression matches identically with the commutative spacetime result when we take the deformation parameter to zero.
We will now analyze the effect of deformation at various energy scales. Before proceeding, we will write down eqn. (70)
where we brought back the Boltzmann's constant, k B . We recognize that the factor e While studying the deformation of metric in the κ-deformed spacetime, we found that the metric, in general, will be asymmetric in cross terms of space and time coordinates (seeĝ oi andĝ io in eqn. (17) and (18)). For a general deformed metric, we see that the metric will have the form of usual commutative spacetime metric when we take the limit k 0 → ∞ and a → 0, by keeping the product k 0 a to be finite. still have the effect of deformation on T H through deformed Newton's constant G (see [36, 52] ). Also, one may get a dependence through a deformed m appearing in eqn. (68) (see [37] [38] [39] 53] ). Here we focused on the effect of deformed Schwarzschild metric in κ-spacetime on Hawking radiation. Since, the deformed Schwarzschild metric does not have any off-diagonal terms, it is completely symmetric under the interchange of indices. The κ-deformed Schwarzschild metric, has a modification compared with the commutative case,
arising from the presence of factors with a dependence in the deformation parameter a. This deformation enter the metric through the dependence ofr and r s (see eqn. (25) and (27)). Note that the dependence ofr and r s on a is through the combination ak 0 . Note that the deformed metric do not have any a dependence that is independent of k 0 . This is the reason of the dependence of T H on ak 0 . As stated, dependence on a, independent of k 0 , can appear through a deformed Newton's constant [36, 52] and deformed mass parameter [53] . Also, we have found that due to presence of deformation of metric, the surface gravity for a κ-deformed-Schwarzchild black hole gets modified. Investigation of thermal radiation in the presence of a Schwarzschild-like metric have shown modification of temperature of Hawking radiation. Our calculation gives a correction to entropy of κ-deformed Schwarzschild black hole so that the resultant entropy is higher than the commutative result, for a given energy scale (with a > 0). For the case, where the deformation of the spacetime vanishes, correction to the entropy vanishes and the entropy reduces to familiar expression. Thus, it seem that Hawking temperature of the black holes formed, when the energy density of universe is higher, were higher than the black holes formed latter. As a → 0, T H of all black holes become independent of the energy scale. This may have implications for the primordial black holes. It has been argued that a distinction between Hawking effect and Unruh effect is possible in a consistent way (see [54] and refereces therin). It will be of interest to see how this effect is affected by non-commutativity of spacetime.
Appendices A. DEFORMED METRIC COMPUTATION
In this appendix, we derive a realization for auxiliary variableŷ µ introduced in Section II. We start with conditions satisfied byŷ µ given by eqns. (5), (6) , to express the non-commutative variableŷ µ in terms of commutative variables. Thus we start with 
where we have used the fact that ϕ i 0 = 0 (eqn. (4)). Also, note that the commutators between φ α β and ϕ α β are identically zero as both of the realizations are function of p µ . We thus have
Starting with 0
This implies that 
Next, we start with 0
and obtain the condition on φ α i,0 as
The commutation relation 
This sets φ 0 i = 0. Let us now gather together the results to obtain a realization forŷ. 
where k 3 is an integration constant. We can now write,
We will now fix the constants by substituting in eqn. 
Hence, we get the condition that k 1 k 3 = 1 and k 2 is arbitrary. We choose k 2 = 1 and k 1 , k 3 = 1 to have the correct commutative limit. With the commutation relation, [ŷ i ,ŷ j ] = 0, we can immediately verify that the realization we obtained is consistent. We thus write the expression forŷ aŝ
B. HAWKING TEMPERATURE USING IMAGINARY TIME METHOD
We start with a spherically symmetric metric in the deformed spacetime, ds 2 = − f (r, a) dt 2 + f −1 (r, a) dr 2 + r 2 g(a) dΩ 2 .
with f (r, a) is a function with dependence on the deformation parameter a and invariant under 3-dimensional rotations. g(a) is an arbitrary function of deformation parameter and independent of r, θ, φ.
Our idea is to expand the metric around the point of singularity and for that let (see [45] for more details) f (r * , a) = 0 and now expand f (r, a) near r = r * . With r = r * + υ (υ << 1).
. Then, the metric expressed in terms of Θ will be that of a sphere of radius ǫ. Hence, we can demand periodicity for our angle variable, i.e.,
Following the connection between path integral formulation in Euclidean time and statistical mechanics, we can write the partition function of a system at temperature, β as Z(β) = T re −βH = q(0)=q(β)
This immediately tells us that the periodicity β ′ (given in eqn. (103)) can be identified with inverse temperature.
It should be emphasized that we are identifying the periodicity, which depends on the deformation parameter a, with the temperature β in the above expression and thus the resulting temperature will have a deformation dependence.
In our case, f (r, a) = 1 − 
